SUMMARY Data on the growth of 1063 children and their parents were analysed. Of the variation in height at prepuberty about 20%, and of the final height 30-46%, were explained by the variation in parental heights; the children's own height at the age of 1-0 year increased the proportion explained to half. Two equations were developed for increasing the accuracy of the evaluation of growth. One defines parent specific mean height standard deviation score, and the other includes the parents' heights and the child's height at the age of 1-0 year and defines expected standard deviation score for height. These equations are easy to use if they are converted to nomograms.
The accuracy of the evaluation of growth could be improved by the use of parent and child specific standards instead of population standards. Tanner et al published parent specific standards,1 but their use requires a special chart and their validity for other populations is unknown.
We have analysed the longitudinal growth and maturation of 1063 Finnish children and their parents, and present practical new methods for obtaining parent specific height standard deviation scores, and for including the child's height at the age of 1-0 year in the assessment of growth. The sample is representative of the whole social class structure. The population of Helsinki is a mixed one, originating from all areas of Finland. The boys were an unselected group of military conscripts; the girls were secondary school graduates. Eastern Finland was selected for the second sample as the most likely area to show any difference from the mixed population. Because there was no significant difference between the two samples they were pooled and considered as being representative of the whole population.
Subjects and methods

All heights and weights recorded in child health
We evaluated height as standard deviation scores, using linear interpolation to obtain the height at each full year from actual measurements made within half a year. The latest height available, For statistical evaluation we used simple and multiple linear regression analysis.4
Results
We calculated the proportion of the variation by Growth evaluation: parent and child specific height standards 1485 multiple regression analysis (%, multiple R square) in the heights of children explained by the variation in the heights of their parents. Before puberty, at the ages of 2*0 to 13*0 years for boys and 2-0 to 11-0 years in girls, 6-24% of the variation in the children's height was explained by the variation in height of the fathers or the mothers, and 15-32% by the variation in height of both parents (fig 1) . These proportions were higher for girls than for boys. Inclusion in the analysis of the children's own 1) . We made a similar calculation for the proportion of the variation in final height explained by the variation in birth length or height at later ages, or both (table 1). The older the age included, the higher was the proportion explained. Of the variation in final height, 30% for boys and 46% for girls were explained by the variation in the heights of both parents. These proportions improved to 53% and 57%, respectively, after addition of the children's own heights at the age of 1-0 year.
We developed two equations to improve the accuracy of evaluation of height (table 2). The first includes parental heights and defines parent specific mean standard deviation scores. The second also includes the child's height at the age of 1-0 year and defines the expected standard deviation score. We compared these with a simple, easy to memorise equation according to which the parent specific mean standard deviation score is half the mean standard deviation score of the parents.5 On average the difference between the final height measured and that expected from these equations was small (table 3) . In practice, the two new equations are converted to nomograms (fig 2) .
The mean (SD) age at menarche of the mother-14-1 (1-6) years-correlated positively with the daughter's age at menarche-12-9 (1.2) years-(n=519, r=0-28, p<0-001)-her age at 'take off'-8-5 (1-1) years, and her age at peak height velocity-11-4 (1-1) years (n=179, r=016, p<0-05, in both cases). The ages at 'take off' and at peak height velocity were lower for the children whose fathers had reached their final height early (table 4).
Discussion
About 20% of the variation in height at any 1, 2, 3, 4 , and 5 years was 67% in males and 64% in females.6 He concluded that the principal determinant of the size of a newborn baby is the prenatal environment, which depends on hereditary characteristics of the mother, the influence of the inherent growth characteristics of the child appears only later.6 He considered that adult height can be predicted equally well at the ages of 3, 4, and 5 years.
Tanner et al published a chart for calculating height standards that allowed for the parents' heights at the ages of 2 to 9 years.1 In this chart the standards are in the form of a regression line (child's height against midparental height) with standard deviations calculated from the average sex specific standard deviation of the general population multiplied by 0.87.
Tanner also described a 'target height method' in which a child's predicted final height is compared with a target range of height that can be expected from the heights of the parents. 7 The centre of the target range is midparental height plus 6 5 cm for boys and midparental height minus 6 5 cm for girls (6.5 cm being half the mean sex difference in adult height). The target range is two standard deviations below and above this figure, and the standard deviation equals the sex specific standard deviation of the general population multiplied by 0-77. 7 Tanner's two methods differ essentially from each other, the first implies that the mean height standard deviation score of children is half the mean score of the parents (our simple equation 2), but the second method takes the straight mean standard deviation score of the parents as being the mean score of the children.
Our data may be criticised for lack of accuracy because the measurements were made within the primary health care system, and especially because the timing of parental maturation was based on recollection. Obtaining accurate longitudinal data would require almost two decades and-more importantly-it is with the same kind of less than perfect data that child health surveillance will always have to deal when monitoring children's growth. The Finnish child health surveillance system has a long tradition of measuring every child annually. We believe that our data are the best possible in the absence of longitudinal measurements by anthropometrists.
We calculated parent specific mean height standard deviation scores and the child specific expected standard deviation score. The latter can be used for detecting an acquired growth disorder in children whose growth during the first year of life is believed to be normal. We chose the age of 1 year instead of the ages of 2 or 3 years, though the latter correlated better with the final height. We did this because we wanted to minimise the risk that an acquired nondiagnosed disease might already have influenced the height used in the prediction, and also to maximise the age range at which the prediction could be used. These equations may be used easily as nomograms. The standard deviations of the differences between the measured final heights and those expected from these two equations were 4-3 to 5-3 cm for boys and 3-7 to 4-9 cm for girls, which is clearly less than the standard deviations of final height in the general population (6-0 cm for men and 5-4 cm for women). Interestingly, the simple calculation of parent specific height standard deviation score by taking mean parental height (cm), subtracting 170 and dividing by 10, proved to be as accurate as the more complex equation developed from our present data. The simple equation has been derived5 from the complex chart of Tanner et al. 1 These equations are not proposed to predict final height, but to improve detection of abnormal growth in child health surveillance. A child's height standard deviation score at different ages should be compared with the expected parent specific and child specific score. We have recommended that if a child's actual standard deviation score differs by more than 2.0 from the parent specific mean score, or more than 1-5 from the expected score, this should arouse suspicion of a growth disorder. We have incorporated the parent and child specific height standard deviation scores into a 'growth screen'-a set of rules defining (for child health surveillance) which kinds of growth are acceptable and which kinds call for the attention of a specialist. This screen also includes limits for changes in height standard deviation scores. 8 9 The ages at 'take off and at peak height velocity were similar in our series to these of Preece and
Heinrich, who obtained them using mathematical models of individual growth curves.2 They were about 1 year lower than in the study of Largo et al, in which velocity curves were analysed using smoothing spline functions, as in our study.10
The ages at menarche of the daughters and mothers were positively related in our study, as in another." We found similar correlations between the age at menarche of the mothers and the ages at 'take off and at the peak height velocity of the daughters. The rough estimate of timing of maturation of the fathers was also positively correlated with
